Hepatocellular carcinoma (HCC) is the most common primary liver malignancy. The incidence is increasing and is reported as the 6^th^ most common cancer among men. HCC is the 3^rd^ most common cause of cancer-related death among men and the sixth among women worldwide.\[[@ref1]\] HCC lesions, unlike the normal liver tissue, are commonly hypervascular and their sole blood supply is derived from the hepatic arteries. Hence the benefit of hepatic artery embolization that can lead to selective necrosis of the liver tumor. The synergistic effect of embolization and conventional selective transarterial chemotherapy (c-TACE) results in further necrosis of the tumor; albeit at the cost of increased damage to the surrounding normal liver tissue as well as a higher incidence of chemotherapy-related systemic side effects.\[[@ref2][@ref3]\] These complications are collectively recognized as postembolization syndrome (PES), observed in approximately 60%--80% of patients.\[[@ref4]\] The high incidence of PES following c-TACE prompted investigators to develop newer modalities that allow more controlled release of the cytotoxic agents into the HCC lesions and reduce the risk of PES. Preclinical experiments confirmed that binding drug-eluting beads (DEB) with anthracycline drugs such as doxorubicin was a suitable and effective method for delivering the chemotherapy to the tumor bed.\[[@ref5][@ref6]\] Clinical studies evaluating the safety of this method found that DEB-TACE offers a better safety profile with lower incidence of PES and drug-related systemic toxicity.\[[@ref2][@ref7][@ref8][@ref9][@ref10]\] Several studies compared c-TACE to DEB-TACE including retrospective analyses and prospective randomized trials.\[[@ref2][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Although these studies showed favorable safety profile and lower incidence of liver and systemic toxicity compared with c-TACE, the reported tumor response and survival benefit requires further systematic analysis to determine the comparative effectiveness of these treatment methods.

This study aims at comparing the efficacy and safety profile of DEB-TACE to C-TACE in the management of nonresectable HCC. Primary efficacy endpoint was tumor response rate at first follow up imaging using the modified Response Evaluation Criteria in Solid Tumors (mRECIST). The primary safety endpoint was treatment-related liver toxicity and treatment-emergent adverse events (TEAE).

PATIENTS AND METHODS {#sec1-1}
====================

This study retrospectively compares the efficacy and safety profile of DEB-TACE with that of C-TACE in the management of nonresectable HCC. The research and ethics committee at our institution approved this study.

All patients had clinical and laboratory evaluation as well as cross-sectional imaging with triphasic computed tomography (CT) or magnetic resonance (MR) of the liver prior to and following the procedure to assess for tumor response. Patients who lost to follow up or had no available proper pre- or postprocedural imaging were excluded from the study.

A multidisciplinary group decided the treatment plan in all patients after careful consideration of tumor stage, liver functions, and patient\'s physical status. All patients were older than 18 years and were diagnosed with uninodular or multinodular HCC. Lesions greater than 2 cm were deemed not accessible for locoregional treatment by ethanol injection or radiofrequency ablation (RFA) due to their unfavorable anatomic location.

 {#sec2-1}

### Treatment protocols {#sec3-1}

TACE procedures were performed by the interventional radiologist through femoral artery approach in all patients. Superselective cannulation of the main feeders was performed using a microcatheter whenever possible. The c-TACE protocol consisted of intra-arterial infusion of cisplatin 50--100 mg mixed with lipiodol. The DEB-TACE protocol used DC beads (100--300 and 300--500 μm) (Biocompatibles, Surrey, UK) loaded with 75 mg of doxorubicin hydrochloride. To optimize visualization during the infusion procedure, the loaded beads were mixed with non-ionic water-soluble contrast and saline to a ratio of 8:2. The embolization endpoint was determined by obliteration of tumor blush and sluggish flow through the feeding arteries. If flow continued following the chemotherapy infusion, polyvinyl alcohol particles (355--500 μm) (Contour^®^ PVA Embolization Particles, Boston Scientific, Natick, MA, USA) were injected to achieve complete stasis of the feeding vessels.

### Efficacy evaluation {#sec3-2}

Tumor response was determined according to modified RECIST for HCC whereby complete response (CR) of the tumor was defined as the disappearance of any tumoral arterial enhancement at cross sectional imaging obtained after treatment. Partial response (PR) was considered as at least a 30% decrease in the sum of diameters of viable lesions compared to the pre-procedural sum of diameters of lesions. Progressive disease included an increase of at least 20% in the sum of the diameters of viable lesions. Stable disease was scored for any cases that did not qualify for either PR or progressive disease. Objective response (CR + PR) and disease control (DC = CR + PR + SD) were calculated and comparison between the two groups was conducted. Tumor response was evaluated following each procedure for both treated target and nontarget lesions. The interventional radiologist (MA with 6 years of experience) who was blinded to the clinical outcome and laboratory values, conducted the retrospective imaging evaluation. The final CT or MR report was reviewed in all cases to further confirm the findings.

### Safety evaluation {#sec3-3}

All periprocedural adverse events were documented. Major and minor complications were defined according to the quality improvement guidelines for TACE.\[[@ref20]\] Mild postembolization syndrome (PES) requiring no extended hospital stay was considered as an expected outcome rather than a complication. The primary safety endpoint was the incidence of treatment-related major complication and liver toxicity as evaluated by an increase in liver enzymes at the early assessment performed 24--48 h after the procedure.

Statistical analysis {#sec2-2}
--------------------

Analysis of variables was performed on SPSS 17.0 software (SPSS, Chicago, IL, USA) using the Chi-square test, *t*-test, or Fisher\'s exact test as appropriate. Nonparametric variables were analyzed with Mann--Whitney U test. A two-tailed *P* value of less than 0.05 was considered statistically significant.

RESULTS {#sec1-2}
=======

Patients' characteristics {#sec2-3}
-------------------------

During the period from 2006 to 2014, 86 TACE procedures (c-TACE and DEB-TACE) were found in the hepatology and radiology registry. Ten procedures were excluded due to the lack of proper imaging evaluation prior to/or following the procedure. The study included a total of 54 Saudi patients (39 males and 16 females) with mean age of 67 years who underwent a total of 76 procedures (DEB-TACE = 51, c-TACE = 25). There was no statistical difference between the two study groups in the associated comorbidities or frequency of hepatitis C or B \[[Table 1](#T1){ref-type="table"}\]. There was tendency toward treating more patients with more advanced chronic liver disease (Child score B) by DEB-TACE (32%) compared with c-TACE (12%) but was not statistically significant (*P* = 0.06). Patients with Child C score were not considered for TACE treatment throughout the study period.

###### 

Baseline characteristics
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Locoregional treatment with RFA or ethanol injection was done in 15 patients (DEB-TACE = 9, c-TACE = 6). Four patients in the DEB-TACE were previously treated with c-TACE. Sixteen patients in the DEB-TACE group (46%) were within Milan criteria as compared with 3 (16%) in the c-TACE (*P* = 0.02). These patients were not candidate for transplant, surgical resection, or for locoregional treatment. There was no difference in the MELD score between the two groups (*P* = 0.13).

The mean sum longest diameter (SLD) in the DEB-TACE group was 6 cm and in the c-TACE group was 7 cm (*P* = 0.27). The mean number of lesions was 2.45 in DEB-TACE versus 2.04 in the c-TACE group \[[Table 1](#T1){ref-type="table"}\].

### Efficacy analysis {#sec3-4}

Tumor response evaluation was done using the mRECIST method at the first imaging follow-up after each procedure. The median follow-up time for the DEB-TACE group was 61 days (21--538 days) as compared with 86 days in the c-TACE patients (3--152 days) (*P* = 0.02). The overall tumor objective response and disease control inclusive of the target and nontarget lesions was not statistically different between the DEB-TACE and c-TACE \[[Table 2](#T2){ref-type="table"}\]. Evaluation of target lesion response following every treatment shows better objective response (59%) and disease control (86%) rates with DEB-TACE compared with c-TACE (OR = 40%, DC = 76%). However, this difference was not statistically significant.

###### 

Response rate based on modified RECIST criteria
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### Safety analysis {#sec3-5}

Patients who underwent DEB-TACE showed significantly less increase in ALT from baseline (mean change 7.2 units) compared with c-TACE patients (mean change 79.4 units) (*P* = 0.001). However, there was no significant difference in the total bilirubin change between the two groups.

The DEB-TACE procedure was associated with significantly shorter hospital stay (7.8 days vs 11.4 days; *P* = 0.038) \[[Table 3](#T3){ref-type="table"}\]. No 30-day mortality was reported in each study arm. The overall complications rate was lower in the DEB-TACE group compared with the c-TACE group (28% vs 13%). Specifically, postembolization symptoms were less encountered following DEB-TACE (7%) compared with c-TACE (16%). A case of pancreatitis occurred following DEB-TACE was attributed to nontarget embolization. This resulted in a 5 cm pancreatic head pseudocyst and later obstructive jaundice and focal segmental cholangitis. None of the recognized systemic adverse events (eg, bone marrow suppression, alopecia, mucositis) were encountered in both treatment groups \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison between c-TACE and DEB-TACE groups in regard to length of stay and change in liver function tests
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###### 

Rate of complications

![](SJG-21-175-g004)

### Survival analysis {#sec3-6}

Survival data was available for 37 patients. Seventeen patients lost clinical follow up after the postprocedure imaging evaluation (c-TACE = 9, DEB-TACE = 8). All-cause mortality during the study was (c-TACE = 6, DEB-TACE = 5). There was no significant difference in the 2-year survival rate that was 60% for the c-TACE cohort and 58% for the DEB-TACE (*P* = 0.4). Univariate analysis showed that the most significant predictors of mortality in all patients are diabetes, Child--Pugh class and an MELD score greater than 10 \[[Table 5](#T5){ref-type="table"}\].

###### 

Univariate and multivariate analysis of variables as predictors of mortality
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DISCUSSION {#sec1-3}
==========

Transarterial chemoembolization has been widely used for the treatment of unresectable multinodular asymptomatic HCC tumors without vascular invasion or extrahepatic spread.\[[@ref1][@ref21][@ref22]\] Although conventional TACE (c-TACE) allows delivery of high concentrations of the chemotherapeutic agents into the tumor; a significant proportion of the dose passes into the systemic circulation contributing to the postembolization syndrome (PES).\[[@ref23][@ref24]\] PES occurs in approximately 60%--80% of patients due to the embolization of the noninvolved liver tissue as well as the systemic effect of the infused chemotherapy.\[[@ref4]\] Drug-eluting beads (DEB), designed to bind with anthracycline drugs such as doxorubicin, have been introduced for effective and perhaps safer delivery of the chemotherapeutic agent to the tumor bed.\[[@ref2][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] When compared with c-TACE, DEB-TACE was shown to have better safety profile and lower incidence of liver and systemic toxicity.\[[@ref2][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] The Precision V randomized clinical trial (RCT) revealed a lower incidence of systemic side effects with DEB-TACE. Specifically, alopecia and marrow suppression were more common and of greater severity in c-TACE compared with DEB-TACE patients.\[[@ref2]\] Regarding treating patients with portal vein thrombosis, several studies included patients with either bland or tumor portal vein thrombosis of variable extents including both segmental and main portal vein thrombosis.\[[@ref11][@ref13][@ref18][@ref19]\] Dhanasekaran *et al.* suggested that DEB-TACE could be administered safely in patients with portal vein thrombosis and Child A/B liver disease.\[[@ref11]\] However, subgroup analysis showed that long-term survival was not statistically different between patients with patent and thrombosed portal veins treated with DEB-TACE.\[[@ref11]\]

A meta-analysis of seven previous studies\[[@ref2][@ref11][@ref12][@ref15][@ref17][@ref19][@ref25]\] by Gao *et al.* suggested that tumor response following DEB-TACE is the same with c-TACE.\[[@ref26]\] However, the authors reported no safety or survival analysis in their review. Another meta-analysis showed that DEB-TACE is as safe as c-TACE and provided significantly better objective tumor response compared with c-TACE.\[[@ref27]\] The 1- and 2-year survival is better with DEB-TACE.\[[@ref27]\]

In our study, the overall response rate of both the target and the nontarget lesions was comparable between conventional and DEB-TACE. However, there was a nonstatistically significant trend toward improved response of target lesions with DEB-TACE. This suggests that DEB-TACE could be more effective in treating multifocal HCC if repeat sequential treatment is implemented at regular intervals. Unfortunately, this could not be achieved in majority of our patients due to irregularity of patients' presentation to follow-up imaging and clinic encounters. Noteworthy is the significant difference in the time to first imaging follow-up between the two study groups, which may spuriously alter the tumor response outcome. It should also be considered that the hyperdense lipiodol might falsely mask any residual or recurrent enhancing tumor on the follow-up CT scan, whereas enhancing lesion can be easily detected in patients who received DEB-TACE due to the lack of adjacent hyperdensity. This may falsely improve the tumor response in c-TACE cases leading to undertreatment, and in turn may improve the patients' outcome in DEB-TACE cases.

The overall complication rate was lower in the DEB-TACE group, particularly the incidence of PES. Furthermore, hospital stay was also significantly shorter following DEB-TACE, which indicates better tolerance of the treatment. This is in keeping with several previous studies comparing the treatment methods.\[[@ref2][@ref7][@ref8][@ref9][@ref10]\] Our comparison also shows less elevation in ALT following DEB-TACE with a mean of 7.2 units, which is consistent with previous comparative studies.\[[@ref2][@ref14][@ref15][@ref17][@ref19]\] Although the 2-year survival was not statistically different between the study groups, there was a trend for treating patients with more advanced liver disease with DEB-TACE suggesting better safety profile in this subset of patients. While survival benefit is not distinctly in favor of DEB-TACE,\[[@ref11][@ref14][@ref16][@ref28]\] particularly in advanced tumor stage or Child C class, the improved tolerance allows for delivering treatment more frequently, and perhaps with higher cumulative doses.\[[@ref2][@ref29]\]

Our study suffers several limitations including the retrospective nature and the discrepancy in sample size, some patients' characteristics as well as the difference in follow-up time between the study arms. Although our analysis shows no survival benefit with DEB-TACE, it suggests that it is as effective as c-TACE in achieving tumor response.

DEB-TACE was better tolerated than c-TACE and allowed for a shorter hospital stay. It caused significantly lesser liver toxicity than c-TACE and potentially might allow for treating patients with more advanced liver disease.

The findings of our retrospective study invites for further evaluation of DEB-TACE by larger randomized clinical trials.
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